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MONITORING SUCCESSIONAL AND OTHER 
CHANGES IN WETLAND PLANT 
COMMUNITIES 


Stepan Husak & Frantisek Krahulec 


Abstract 

The paper recommends long-term monitoring with regular documentation of all events that may influence the 
living ecosystem compartments of the wetlands studied. This enables: (1) detection of undesirable changes 
caused by human activities, (2) detection of cyclic changes with different frequencies, (3) determination of suc- 
cessional trends, and (4) detection of unpredictable rare events which may be of enormous ecological importance. 
This holds for rivers, river alluvia and reservoirs as well as fishponds, bogs and fens. 


Husak, S. & F. Krahulec: Monitoring von sukzessionsbedingten und anderen Anderungen 
in den Pflanzengesellschaften von Feuchtgebieten 

Der Artikel empfiehlt Langzeit-Monitoring mit regelmafiigen Dokumentationen aller Ereignisse, die Bereiche 
von untersuchten Feuchtgebietsokosystemen beeinflussen. Das ermoglicht: (1) das Erkennen unerwiinschter Ver- 
anderungen, die durch menschliche Aktivitat verursacht werden, (2) das Erkennen zyklischer Veranderungen mit 
unterschiedlichen Frequenzen, (3) die Bestimmung von Trends in Sukzessionen, und (4) das Erkennen unvorher- 
sehbarer seltener Ereignisse, die von groBer okologischer Bedeutung sein konnen. Das gilt fur Flusse, Ober- 
schwemmungsgebiete und Staue ebenso wie fiir Fischteiche, Moore und Feuchtwiesen. 


Husak, S. & F. Krahulec: Monitoring sukcesnfch a jinych zmen u mokradnich rostlinnych 
spolecenstev 

Price doporucuje dlouhodoby monitoring s pravidelnou dokumentaci vsech jevfi, ktere by mohly mit vliv na 
zivou slozku sledovnych mokradu. Tim lze: (1) postihnout nezadouci zmeny zpusobeni cinnosti cloveka, (2) 
zjistit cykly zmen a jejich frekvenci, (3) stanovit smery sukcese a (4) zjistit nepredvidatelne udalosti se zvlast 
vyznamnym vlivem. Plati to jak pro reky a ricni nivy, tak pro prehradni nadrze, rybniky, raseliniste a slatiniste. 
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INTRODUCTION 

Long-term monitoring of ecological sy¬ 
stems can result in: (1) detection of undesi¬ 
rable changes caused by human activities, 
(2) detection of cycles with different fre¬ 
quency, (3) determination of successional 
trends and (4) detection of unpredictable 
rare events which may be of enormous 
ecological importance. 

All these possibilities should be considered 
at the beginning of ecological monitoring 
and mainly during the interpretation phase. 
The determination of these phenomena is 
possible provided the monitoring is based 
on a careful and systematic (regular) 
sampling scheme. It should not be biased 
in favour of any present paradigms - any 
bias limits the possibilities of interpretation 
of data collected in ways other than 
within the framework of the accepted pa¬ 
radigm. Unfortunately, in the past, most of 
the data were not collected systematically: 
preferences were usually given to some 
(often small) taxonomic groups or envi¬ 
ronmental factors, collection was repeated 
irregularly, often without precise geogra¬ 
phic determination, etc.. These facts limit 
the possibility of using earlier data for the 
detection of rather inconspicuous pheno¬ 
mena. On the other hand, the data collecti¬ 
on should be sufficiently flexible to react 
to unpredictable events, such as the invasi¬ 
ons of new organisms. 

In our contribution we intend to describe 
the present status of monitoring of selected 
wetland habitats in the Czech Republic, 
and demonstrate our experience from long¬ 
term successional studies. 

RIVERS AND RIVER ALLUVIA 

It is generally accepted that in most rivers 
water quality, and often also quantity, has 
greatly changed. However, the changes in 
water plant communities are hardly docu¬ 
mented (only irregularly collected floristic 
data are available). This situation changed 
in the late 1970s and during the 1980s 


when J. Rydlo with his colleagues publis¬ 
hed a series of papers carefully describing 
the distribution of macrophytes along the 
following rivers of the Czech Republic: 
Labe (Novakova & Rydlo 1978, 
1981a,b, Rydlo 1987, Rydlo & Jo- 
hanisova 1983); Loucna (Rydlo 1983); 
Sazava (Rydlo 1993); Berounka (Rydlo 
1986, Rydlo 1994a); Psovka (Rydlo 
1988); Luznice (Husak & Rydlo 1992); 
Cidlina (Rydlo 1990); Mdlina (Rydlo 
1991); Ohre (PivonKOvA & Rydlo 1992); 
Lower Vltava (Rydlo 1989); Morava to 
Lanzhot (Rydlo 1992); Otava (Rydlo 
1994b). 

This dataset provides an excellent oppor¬ 
tunity to compare different river systems, 
and also a good basis for repeated obser¬ 
vations and detection of changes. We con¬ 
sider this contribution important because it 
describes the whole river course with the 
resolution scale of 0.5 km (Figs. 1-4). 
Perhaps the most negative changes have 
been to streams and their floodplains. We 
were not always able to record the actual 
state prior to the straightening and cana¬ 
lization of streams, and scarcely ever could 
we monitor the development of living na¬ 
ture both in the new river bed and the sepa¬ 
rated backwaters. Most streams in the 
Czech Republic have been regulated. The 
oxbows, backwaters as well as dikes 
(levees) are along the main stream of the 
Morava river, see Fig. 5. 

For monitoring the changes, the following 
is needed: 

1) If possible, to study at the shortest pos¬ 
sible intervals all abiotic and abiotic 
components of the ecosystems. 

2) To assess what are appropriate intervals 
for monitoring. This depends on several 
factors such as: 

a) timeliness, the relevance of natural 
changes (e.g. flooding, alluvial sediment 
deposition, damage to river banks); or 
man-made changes (e.g. classical engi¬ 
neering with canalization, straightening 
of streams, and other waterworks) 
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b) careful definition of both the number 
and quality of criteria applied under 
normal conditions (without conspicuous 
changes); monitoring of changes in river 
beds and banks can be done only once 
per season, possibly every 5 or 10 years. 

In inundated river areas it is important to 
observe dynamic changes of the vegetation 
every year and, if possible, several times 
during each season. 

Single-term studies on vegetation of allu¬ 
vial waterbodies are not rare (Adamec et 
al. 1993, Cernohous & Husak 1986, 
Otahelova & Husak 1986, and many 
others). 

RESERVOIRS 

Various aspects of succession in artificial 
reservoirs were reviewed by Baxter 
(1977, 1985), Baxter & Glaude (1980), 
and Godschalk & Barko (1987). Most 
attention was paid to classical limnological 
problems (for former Czechoslovakia see 
e.g. HrbacEK 1981), while the few studies 
devoted to macrophytes were only 
descriptive. The reviews mentioned above 
and our own experience illustrate that new 
reservoirs are quickly developing systems 
which differ in many respects from old 
stabilized water bodies (lakes and 
fishponds) particularly by their rapidly 
changing trophic conditions (leaching of 
nutrients from flooded vegetation and soil) 
and by species-unsaturated communities. 
In this century, a number of large shallow 
reservoirs has been built in Central and 
Eastern Europe. They have served as suit¬ 
able areas for successional studies. Suc¬ 
cession of macrophytes was studied mainly 
in the former USSR, in reservoirs on the 
Volga river (Belavskaja & Kutova 
1966, Ekzercev 1961, 1966, Kabanov 
1959, etc.) and on the Dniepr river (Zerov 
1976). In Central Europe, the most com¬ 
plex study was done on the reservoir at 
Goczalkowice (Vistula river, Poland) - see 
the complex survey in Krzyzanek et al. 


1986, and the special issue of Ekologia 
Polska (34/3, 1986). Some reservoirs with 
macrophytes were also studied in our 
country, mainly in Moravia (Seda 1963, 
1967, 1976, 1987, Hetesa & Marvan 
1984, Husak 1984a,b, Hetesa & Husak 
1986). Only partial studies were made in 
Germany (Richter 1974, Westhus 1987). 
Detailed studies on the influence of 
fluctuating water level were made in Swe¬ 
den (Nilsson 1981, Danell & Sjoberg 
1982, Grelsson 1987). 

The Rozkos reservoir is unique in several 
respects when compared with other reser¬ 
voirs in Central and Eastern Europe. A 
detailed study of flora and vegetation had 
been made in it before it was filled 
(Krahulec 1975, 1981) and the vege- 
tational succession has been studied since 
its filling (Krahulec, Leps & Rauch 
1980, 1984, 1986). The colonization of a 
new reservoir by plant species absent in the 
area before the flooding showed that some 
plant species move relatively easily 
through Central Europe, but an important 
factor is "filtering" by existing comm¬ 
unities (Krahulec, LepS & Rauch 1987, 
Krahulec & Lep§ 1993). A recent review 
on case studies of plant migration (Sauer 
1989) does not mention any comparable 
study on the colonization of a new reser¬ 
voir. 

During more than 20 years study of suc¬ 
cession we have observed several pheno¬ 
mena that have been, according to our 
opinion, underestimated or incorrectly in¬ 
terpreted in short term studies. In the 
present paper we briefly mention the fol¬ 
lowing phenomena: 

(1) in the period following the filling, 
the change of the dominant species was 
rapid; the sequence of individual domi¬ 
nants seems to be regular when we 
compare our data with observations 
from a number of reservoirs, especially 
from those of the upper Volga and 
Dniepr rivers and with the reservoir at 
Goczalkowice (Krahulec et al. 1980); 
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Fig. 1. Distribution of aquatic macrophytes in the Luznice river (after Husak & Rydlo 1992). 
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Utricularia australis 



Fig. 2. Incidence of species in ten kilometer segments of the Luznice river (from Czech- 
Austrian border, 149.5 km, to the confluence with Vltava river) (after Husak & Rydlo 
1992). 
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Fig. 3. Catchment area of Moravska Dyje river in the region of Dacice. River segments from 
A to V had a similar length, as in the case of Luznice river. 
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ABCDEFGHIJKLMNOPRSTUV 


ELODEA CANAD. 


CALLITRICHE HAM. 


FONTINALIS ANTIPYR. 


LEMNA MINOR 


SPIRODELA POLYRHIZA 


SPARGANIUM EMERSUM 


SPARGANIUM ERECTUM. 


BUTOMUS UMBELL. 


POTAMOGETON CRISPUS 


CERATOPHYLLUM DEM. 


ZANNICHELLIA PAL. 


ALISMA PLANTAGO-AQ. 


TYPHA LATIFOLIA 


PHRAGMITES AUSTRALIS 


VERONICA BECCABUNGA 


GLYCERIA FLUITANS 


GLYCERIA MAXIMA 


CARDAMINE AMARA 


IRIS PSEUDACORUS 


RUMEX HYDROLAPATH. 


CICUTA VIROSA 


PHALARIS ARUND. 



Fig. 4. Estimated representation of plant species in selected river segments (A-V) in terms of 
percentage cover of the bottom or banks of the Moravska Dyje river (in collaboration with 
V. Vorechovska, Morava river Authority, Bmo). 


203 



























© Biologiezentrum Linz/Austria; download unter www.biologiezentrum.at 



Fig. 5. Channelised Morava river between 
Ostroh and Milokosf villages (oxbows: 
6 Ostrozska tun, 7 Okasovo rameno, 8 
Stmadlova slajza, 9 Vftovske rameno, 
10 Vlaky). 

(2) in the period after the filling, different 
macrophytes regularly grow at unusual 
depths - this phenomenon is related to 
the high water transparency (to several 
meters) caused by a low density of fish 
population. The macrophyte production 
is extremely high and not fully compa¬ 
rable with stabilized old water bodies; 

(3) in the first years following the filling, 
there was a pronounced effect of se¬ 
lective grazing by waterfowl on the 
establishment of different shoreline 
species, especially Phragmites\ 

(4) during 21 years after the flooding, we 
observed 25 species which migrated 
into the reservoir, several times we ob¬ 
served cases that the nearest localities of 
these species were more than 50 km di¬ 
stant. Most of these occurrences were 
not successful, but several species for¬ 
med viable populations (Krahulec & 
Leps 1993). These observations suggest 
that mobility of species at the landscape 


level is much higher than it is usually 
thought; 

(5) we observed different responses of in¬ 
dividual species of trees and shrubs to 
long-lasting flooding (different lengths 
of the periods of survival and differen¬ 
ces in adventitious root formation - see 
Krahulec et al. 1980); two specimens 
of Salix purpurea and Salix cinerea had 
living leaves and branches above water 
in 1982, i.e., they survived 10 years of 
continuous flooding at the depth of mo¬ 
re than 2m! Similar resistance was 
described only once, for Salix nigra in 
the USA (Gill 1970); 

(6) the observation of the dynamics of in¬ 
dividual species led us to the re¬ 
interpretation of different species grou¬ 
ping in the process of synthesis of 
phytosociological data obtained in the 
communities of emerged shores 
(Krahulec et al. 1984). 


FISHPONDS 

Analyses on the bottom surface in periodi¬ 
cally discharged fishponds during their 
summer-drainage period, or when the 
fishponds are only partially filled and their 
margins are emerged have been made by 
Prach et al. 1987, LepS et al. 1990, etc.. 
From a long-term point of view there is a 
need to study different succession series in 
the vegetation of fishponds which are 

(a) subject to intensive management, espe¬ 
cially to periodic mechanical cleaning 
which blocks the succession and pre¬ 
vents overgrowing and filling of the 
ponds; 

(b) subject to extensive management or are 
abandoned or are "sky-fed", i.e., supp¬ 
lied irregularly or insufficiently mainly 
with rain and snow water. 

In the latter case, the course of succession 
corresponds more or less to the changes in 
natural conditions. Long-term monitoring 
of fishpond vegetational succession in the 
water and littoral zones of fishponds in the 
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Czech Republic has yielded explicit infor¬ 
mation on the uniformity and on the in¬ 
creasing tendency towards uniformity of 
the fishpond vegetation. S. Hejny has ma¬ 
de a nearly continuous description of the 
vegetation for 120 fishponds in Southern 
Bohemia from 1949 up to recent times. 
Unfortunately, his data are still awaiting a 
thorough evaluation. Only the most im¬ 
portant changes in the occurrence of va¬ 
rious community types in the fishpond sy¬ 
stem have been published (Hejny 1990). 
One of the parameters that are important 
for macrophytes in oligotrophic water is 
water transparency. Intensification of 
fishpond management (especially enor¬ 
mous fertilization) has resulted in the ex¬ 
tinction of submersed macrophyte vegeta¬ 
tion in many fishponds of Trebon region 
(Fig. 6) during the last 20 years. 

PEATLANDS 

For monitoring succession in peatlands the 
most important parametres are the fluctua¬ 
tions of moisture content and groundwater 
table in the soil, the impact of nutrients 
from arable land or meadows, and other 
disturbances such as peat extraction or bog 
fires (during dry periods) (Podbielkowski 
1960, Hald & Petersen 1988, Zobel 
1988). 

DISCUSSION 

Long-term studies were identified as 
necessary for a good understanding of 
ecological systems (see a number of con¬ 
tributions in the book by Likens 1989). 
Especially, four categories of phenomena 
and subjects requiring these studies were 
identified: processes involving gradual 
change, long-term life history phenomena, 
ecological phenomena affected by rare or 
intermittent events, and interannual va¬ 
riability in ecological systems (Pace & 
Cole 1989). However, to distinguish bet¬ 
ween gradual change and cyclic changes 
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Littorella uniflora water transparency 

for most of vegetation 
season from 1 to 1,5 m 
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Fig. 6. Disappearance of the vegetation 
typical of oligo-mesotrophic fishponds 
(Littorella uniflora stands) in the period 
1969-1989. Svet fishpond at the edge of 
Trebon is a typical example of subse¬ 
quent changes of previous vegetation. 

with different lengths of cycle is not easy. 

In this respect, we feel that we need some 
long-term studies of different systems to 
have a firm basis for comparisons of short¬ 
term data and their correct evaluation. The 
present knowledge of succession is based 
more on deductions from short-term obser¬ 
vations than on direct long-term observati¬ 
ons. Fortunately, succession in wetlands 
can often be reconstructed, because of dif¬ 
ferent sediments (e.g. peatbogs, lake sedi¬ 
ments). However, it is not known if there is 
a limited number of successional pathways 
or just one. However, the firmly known 
successional series started at least under 
different climatic conditions. For this 
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reason, it is questionable to use them for 
making predictions. All successional and 
cyclic processes should be considered 
when evaluating observed ecological chan¬ 
ge- 

A special problem, which has not been 
sufficiently monitored, is the invasion and 
penetration of new plant species 
(neophytes) such as Impatiens spec, div., 
Solidago spec, div., Aster spec, div., 
Reynoutria japonica and R. sachalinensis, 
Rudbeckia laciniata, and Acer negundo. 
Monitoring of rivers and river alluvia in 
Central Europe shows a gradual retreat 
from excessive technical demands on the 
drainage of water from the landscape and 
in flood protection. Maps from the last 
century or from the beginning of this cen¬ 
tury are now often used as a basis for revi¬ 
talization of rivers or their segments, where 
it is possible (e.g., the Rhine in Germany 
and France, Carbiener & Ortscheit 
1987, Dister et al. 1990). Also the rivulets 
and streams which have been straightened 
and canalized rather recently will need to 
be brought back to their near-natural state 
and exposure to the effect of natural water 
flow. 
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